Tight junctional fibrils were absent in freeze-fracture replicas of rat and human islets in situ, but were easily discerned in collagenase-isolated islets. Disruption of the pancreatic gland and its exposure to trypsin were each found to induce tight junction formation in rat islets. The amount of tight junctions between islet cells declined progressively during culture, but tight junctional structures remained detectable after 1 day of culture. It is suggested that rather than being involved in normal islet cell function tight junctions provide an adaptive mechanism intended to seal and hence to protect islet microdomains against sudden perturbations in local interstitial fluid. DIABETES 33:101-104, January 1984.
T ight junctions are membrane specializations that represent foci of plasma membrane fusion between adjacent cells and are recognized as fibrils on freeze-fracture replicas of membrane P-faces. 1 They have been mainly identified between cells that separate body fluid compartments of different chemical composition, where they probably help maintain compartmentalization in sealing off the intercellular spaces. Such a role has been extensively supported by in vitro experiments; wherein tight junctions were acting as diffusion barriers in the extracellular space, as well as in the plane of the membrane. 23 Tight junctions have also been described in isolated islets of Langerhans where they occur between homologous and heterologous cells. 4 6 The amount of these structures was altered by exposing islets to enzymes or to glucose, but it remains unclear whether tight junctions participate in islet cell function. 79 In a more recent report Kawai et al. sug- gested that tight junctions might create compartments within the in vivo pancreatic islet and could thus delineate islet microdomains that determine the degree of paracrine communication. 10 Such a hypothesis assumes the existence of tight junctions in the in vivo endocrine pancreas, which is, so far, merely an assumption. We therefore investigated the occurrence of these membrane structures in freeze-fracture replicas of islets in vivo; as we recently observed that the islet isolation procedure itself decreased the amount of gap junctional structures between islet cells, 11 we also compared the values obtained in situ with those after islet isolation and culture.
MATERIALS AND METHODS

Studies on islets in situ.
All rat experiments were carried out on fed adult Sprague-Dawley rats (males, 250-300 g).
The rat pancreas was perfusion fixed through the aorta using 2% glutaraldehyde in 0.1 M cacodylate, pH 7.35, for 5 min, followed by a 5-min perfusion with the same fixative containing 0.12 mM dithizone (Merck, West Germany). A dithizone stock-solution was prepared by dissolving 10 mg dithizone in 3 ml ethanol (99%) and adding three drops 25% ammonia in water; 12 dithizone treatment results in a bright red staining of the islets. In control experiments, perfusions were performed without dithizone and islets were examined after random fracturing of glutaraldehyde-fixed pancreata.
Human islets were examined under similar conditions. Pancreatic tissue was obtained from a brain-dead kidney donor, and tissue blocks were microperfused with glutaraldehyde and dithizone; islets were microdissected and freeze fractured.
Rat islets in situ were also examined after exposure to agents known to affect pancreatic exocrine or endocrine function. The agents were administered via a left ventricle perfusion of nembutal-anesthetized rats; the medium consisted of Earle's salts and 2.8 mM glucose, was buffered with 10 mM Hepes and 14. (xg/ml trypsin (70 U/mg; Boehringer, West Germany), 20 mM glucose plus 1 mM theophylline, or 0.4 mg/ml pilocarpine. After a 10-min perfusion at 37°C, the Earle's medium was replaced with glutaraldehyde and fixation was carried out as outlined earlier.
Studies on isolated and cultured islets. Pancreatic islets were isolated using the collagenase-digestion technique of Lacy and Kostianovsky. 13 Crude collagenase was purchased from Boehringer (West Germany) and used at 3.5 mg/ml. Two to three hundred islets were obtained per pancreas within 2 h after decapitation. The medium used throughout the isolation procedure was composed of Earle's salts and supplemented with 10 mM Hepes, 0.2% BSA, and 2.8 mM glucose (pH 7.35 at room temperature). The isolated islets were either fixed with glutaraldehyde for freeze fracture and electron microscopy, or cultured for periods up to 20 h at 37°C and 5% CO 2 in air. Groups of 200 islets were distributed over 35-mm petri dishes containing 3 ml CMRL-1066 (Gibco, Scotland) supplemented with 0.1 mg/ml glutamine, 0.1 mg/ ml streptomycin, 0.1 mg/ml penicillin, and 10% (vol/vol) heat-inactivated fetal calf serum.
In one series of experiments, islets were dissociated into single cells 14 in order to compare islet cell diameters after various culture periods. Electron microscopy and freeze fracture. Glutaraldehydefixed islets were prepared for electron microscopy by postfixation in 1 % (wt/vol) osmium tetroxide, en-bloc staining with 0.5% (wt/vol) uranylacetate in acetate buffer (pH 5.0), and embedding in araldite.
For freeze fracture, the glutaraldehyde-fixed material was washed in 0.1 M cacodylate, impregnated with 30% cacodylate-buffered glycerol (pH 7.35), frozen in a liquid-solid nitrogen interface, and fractured in a Balzers BAF 301 freezefracture apparatus (-Balzers High Vacuum Corp., Liechtenstein). Carbon-platinum replicas were examined in a Zeiss EM 9 S electron microscope. Areas of membrane P-face were quantified on micrographs at a final magnification of 5000 x with the aid of an IBAS I (Kontron, Munchen, West Germany) semiautomatic image analyzer; magnifications were calibrated with a line grid (54,800 lines/inch, Balzers Corp.). Peripheral and central areas of rat islets were separately analyzed as these regions are known to differ in islet cell composition. 815 The length of tight junctional fibrils and linear particle aggregates was measured at a final magnification of 63,250 x . Data were expressed as |xm tight junction (TJ) per unit of membrane area, and as (xm particle array per unit membrane area. Results are expressed as mean ± SEM, from at least three separate experiments. The significance of differences was determined by unpaired t testing. 
RESULTS
Tight junctions in rat islets
Results are expressed as mean ± SE based on (N) islets. Significance of differences with freshly isolated islets: *NS; tP < 0.05; tP < 0.001.
random fracturing of perfusion-fixed rat pancreas. Identical findings were obtained for isleis that were microdissected from perfusion-fixed and dithizone-stained pancreas. All subsequent experiments on islets in situ were therefore carried out on dithizone-stained material.
In contrast to islets in situ, freshly isolated islets contained an abundant amount of tight junctional fibrils in both central and peripheral regions. These structures were mostly focally distributed and closely associated to gap junctions ( Figure  1a) . Culture of isolated islets at 5.6 mM glucose resulted in a progressive decline in the amount of tight junctions per unit of membrane area (Table 1) , but did not affect islet cell diameters.
The linear particle arrays that were discerned between islet cells, both in situ and in vitro, do not fulfill the criteria of classic tight junctions, 1 but appear to be related to gap junctional structures:
9 they are composed of 9-nm particles (just as gap junctions) and apparently evolve into gap junctions or are continuous with them ( Figure 2) . Quantitatively, these structures were only present in small amounts both in the central (1.8 ± 0.5 (xm/100 |xm 2 P-face) and peripheral (0.9 ± 0.3 |xm/100 JJUTI 2 P-face) islet regions in situ. Induction of tight junctions in the endocrine pancreas in situ. In situ perfusion of a rat pancreas with trypsin (25 jxg/ ml) induced within 10 min large amounts of tight junctions between islet cells (Table 1, Figure 1b) ; medium alone was without effect. Tight junctional fibrils did not develop after a 10-min perfusion with B-cell secretagogues (20 mM glucose plus 1 mM theophylline) nor with a stimulator of the exocrine pancreas (pilocarpine).
Tight junctions could also be induced, especially in the islet periphery, by injecting 15 ml physiologic Earle's medium into the pancreatic duct, after its ligation near the duodenum. This injection produced a severe disruption of the gland with damage to exocrine cells. Tight junctions in human endocrine pancreas. The combination of immersion and microperfusion fixation of pancreatic fragments resulted in a well-preserved ultrastructure of the endocrine cells. Freeze-fracture replicas of central islet regions were devoid of tight junctional fibrils; as in rat islets small amounts of linear particle arrays were observed (0.5 ixm/lOO |j,m 2 P-face, investigated area: 1974 JJUTI 2 ). Identical observations were made in the peripheral regions of eight of nine islets; however, in one islet a few tight junctional fibrils were detected on the surface of one cell.
DISCUSSION
Tight junctions have been previously identified in isolated islets of Langerhans, where they occur between homologous and heterologous cell types. 4 " 6 In both rodent and human islets, the tight junctional fibrils are grouped in several small, irregular, and apparently unconnected patches; 46 this focal distribution contrasts with the continuous belt-like structures that are formed by the interconnecting junctions in intestinal, respiratory, and urogenital epithelia. In the present study, no tight junctional fibrils were detected in rat or human islets examined in situ; this observation cannot be attributed to dithizone staining, as this step was introduced after glutaraldehyde fixation, and as analogous conclusions were reached in unstained perfusion-fixed pancreas. Instead, the tight junctional structures that have been described so far in isolated islets, appear to result from the isolation procedure rather than to express an in vivo intercellular organization.
It is well known that tight junctions can be rapidly induced or (dis)organized by a variety of conditions. 16~22 A massive proliferative assembly of new tight junction strands was noted, for example, during a 5-min in vitro incubation of prostatic tissue. 23 Similarly, tight junctional fibrils developed between islet cells during collagenase digestion of the pancreas. Among many possibilities, disruption of the pancreatic gland and its exposure to trypsin were each found to represent likely explanations for such alteration. Trypsin is a known constituent of the collagenase preparations used; it might also be released and activated during pancreatic damage or digestion. Orci et al. 7 have demonstrated previously that proteolytic enzymes increase the number of tight junctions in isolated islets, but did not correlate this finding with the presence of tight junctions in islets after their collagenase isolation. Similarly, we assume that the tight junctional fibrils, which were observed in the peripheral area of one human islet, did develop as a result of the excision, which preceded fixation in the human material.
The rapidity of tight junction formation in islets suggests the availability of an easily accessible pool of subunits from which junctional structures can be formed. Assuming a lipid nature of these subunits, 24 it is conceivable that the cleavage of membrane proteins-as might occur with trypsin-leads to a phase-transition of membrane lipids, which then change their bilayer configuration into particulate or tube-like structures. 25 -27 Although one can only speculate on the pathophysiologic significance of these phenomena, it seems attractive to consider tight junction formation in islets as an adaptive mechanism, intended to seal and hence to protect islet microdomains against sudden alterations in local interstitial fluid.
In summary, there is so far no experimental evidence indicating a participation of tight junctions in the normal process of pancreatic hormone release and its regulation by circulating or local factors; tight junctional fibrils were not detected in normal rat and human islets examined in situ. The present data indicate that islet tight junctions can be rapidly formed after severe perturbations in the local interstitial fluid. It is suggested that the function of these newly formed tight junctions consists primarily in sealing off the intercellular islet space when the tissue is exposed to a compartment of different chemical composition.
